Quantitative evaluation of soil erosion rates provides important baseline data to investigate, manage and improve land use systems. However, soil erosion analyses have not been sufficiently conducted in Indonesia. In the present study, we investigated the spatial distribution of soil erosion rates in relationship to land use patterns in the Sumani agricultural watershed, the primary rice-producing region in West Sumatra. The soil erosion rate was estimated applying the Universal Soil Loss Equation (USLE) using representative soil sur vey data obtained in the watershed. Sediment deliver y ratio (SDR, i.e.
INTRODUCTION
Therefore, land management planning for the Sumani watershed must be reevaluated and new management instituted to mitigate natural and maninduced problems and reduce soil erosion. In order to achieve this, the present status of soil erosion in relationship to land use patterns in the watershed must be assessed. However, it is not practical to conduct direct measurements over the entire watershed due to its extensive area. Therefore, due to the time and financial constraints associated with such large field intensive studies, it is more common to estimate soil erosion using models. 
MATERIALS AND METHODS

Study area
The Sumani watershed occupies , ha and is located in Solok regency (latitude ˚ to ˚ S, longitude ). The Sumani watershed (SW) consists of five subwatersheds including Sumani (S ), Lembang (S ), Gawan (S ), Aripan (S ) and Imang (S ).
Fields sur vey and analytical methods
Soil surveys were conducted at sites ( sites in and sites in ) occupying a variety of geomorphic positions, land use types ( Figure ) and soil types (Table   ) . Soils were collected at depths of -cm and -cm.
Soil samples were air dried and sieved through a mm mesh for physico-chemical analyses. 
where E is estimated soil loss in Mg ha -y -, R is rainfall erosivity (dimensionless); K is inherent soil erodibility (dimensionless); L is slope length factor (dimensionless);
S is slope factor (dimensionless); C is crop cover factor (dimensionless); and P is a factor that accounts for the effects of soil conser vation practices (dimensionless).
Distributions of respective factors in the watershed are summarized in Figure ( a-h).
The watershed was divided into grids of size m x m. Basic data were allocated or estimated in each grid by reading maps and a Landsat image for land use types and altitude or the kriging method for soil proper ties. Based on these data, USLE factors were calculated in each grid unit. Among the above factors, Cand P-factors can be field modified to improve soil erosion and agro-economical conditions in the watershed.
Rainfall erosivity factor (R )
The R-factor is rainfall erosivity, which predicts the potential for precipitation to cause soil erosion. To compute the monthly R-factor value, the following equation proposed by Bols ( ) for Indonesia was applied:
(Rm)
. ( ) where R is monthly erosivity, Rf is total monthly rainfall,
Rn is the number of days of rain per month, and Rm is the maximum rainfall during hours in an observed month. 
Soil erodibility factor (K )
K-factors represent soil susceptibility to erosion and the rate of run off measured under standard plot conditions.
The K-factor value was computed using the following equation (Wischmeier and Smith ): 
Slope length and steepness factor (LS )
Each grid was considered a single slope plane. 
where L is the slope length in m, S is slope percentage, X is the degree of slope, and m is an exponent that varies with slope gradients, i.e. . for < %, . for -%, . for . -. % and . for > %.
Cover crop (C ) and conser vation practices (P )
factors L a n d u s e t y p e s i n t h e S u m a n i w a t e r s h e d w e r e investigated by interpreting Landsat TM images, which were confirmed with field surveys in August and land use maps based on aerial photographs. by grasses or shrubs in vegetable, mixed and coconut g a r d e n s , a n d t e r r a c e i n s a w a h ( T a b l e ) . T h e conservation practice (P) factor is the soil erosion ratio Table ) . The land use patterns in the Sumani watershed in and are depicted in Figure (a, b) .
Tolerable erosion rate (TER) for agricultural production
TER is defined as a maximum rate of soil erosion that permits crop productivity to be sustained economically (Renard et al. ) and is a fundamental indicator for soil conser vation planning. However, in soil conser vation planning activities in Indonesia, the TER value has been influenced by local government policies. For economic reasons, soil erosion in agricultural lands has often been permitted to exceed guidelines of soil erosion values set by local gover nments. Therefore, the Indonesian gover nment decided to establish a TER related to sustainable agricultural production at the national level.
According to the Indonesian government s technology manual for soil and water conservation, the TER cannot exceed Mg ha -y -and was based on plot experiments conducted in the countr y (Kusumandari et al. ,
Department of Forestry ). It is higher than that of
China, which is < Mg ha -y - (Shi et al. ) . In the present study, we used this TER as a criterion to evaluate the soil erosion status in the Sumani watershed.
Sediment deliver y ratio (SDR )
Walling et SDR was used to estimate sediment yield.
RESULTS AND DISCUSSION
Spatial distribution of R-, K-, LS-, C-and P-factors
The Sumani watershed was separated into three rain erosivity classes based on data derived from three climatology stations (Fig. a, b) . R-factors were low in lowlands near Lake Singkarak and increased in upper topographical positions in the watershed, which were attributed to increases in precipitation.
Soil proper ties and K-factors for respective soil groups classified in field surveys are shown in Table , and K-factor distributions are depicted in to . , and its a v e r a g e a n d s t a n d a r d d e v i a t i o n w e r e . . , respectively. Lowland areas with an altitude less than m asl and land use of terraced sawah in middle to upper topographical areas showed relatively small LS-factors.
I n t e r m s o f l a n d u s e c h a n g e i n t h e S u m a n i watershed, forest area decreased by % from to (Table and Fig . ) , and was primarily converted to agricultural fields, such as mixed and vegetable gardens. These land use changes affected C-factors (Fig. e, f and Table ) and P-factors (Fig. g, h) . The average C-factor in the Sumani watershed increased from . in to . in (Table ) due to a decrease in forest cover, which exhibited the lowest C-factor of . . The P-factor decreased from to ( Fig. g, h) due to forest conversion to agricultural fields. Soil conser vation practices were applied, resulting in a lower P-factor relative to forests (P-factor = . ). Although decreased , most of the sawah area was not changed (Fig. a, b) .
This was because ver y high priority was given to developing and maintaining sawah in the watershed, as it remains the main rice-producing region in Indonesia.
Soil erosion rates in the Sumani watershed
USLE estimated soil erosion rates for and are depicted in Figure . Soil erosion rates were classified into seven ordinal classes (Fig. a, b) 
Sediment deliver y ratio (SDR )
Sediment yield data measured in to (Saidi ) and SDR values in the Sumani watershed (and in other countries for comparison) are shown in Table . Sediment yields ranged from . to . Mg ha -y -in subwatersheds, and SW sediment yield was . Mg ha -y -. Average soil erosion and sediment yield in the Sumani watershed wer e lower than watersheds investigated in Malaysia, and higher than those in Eur opean countries (Table ) . In the Malaysian watersheds, r ubber plantations occupied % of the watershed areas in terms of land use (Shamsyad et al.
SDR
), which resulted in an average C-factor of . and high soil erosion rates ranging . to . Mg ha -y -in the Malaysian watersheds. In Greece and France, respectively low levels of precipitation; approximately mm y -and mm y -were the main reason for minimal average soil erosion rates. However, the difference in sediment yields was relatively small among all the watersheds compared in Table . SDR in the Sumani and Malaysian watersheds was smaller than European sites (Table ) . This can be explained by the deposition of eroded soils in lowland sawah in Indonesia and Malaysia, where agricultural practice uses lowlands as sawah.
Although we did not directly determine eroded soil deposition into the sawah, we speculate that a quantity of soil particles that eroded in upper topographical positions in the watershed were transported and accumulated into lowland sawah.
River water quality
Land use change from forest to agricultural fields accelerated soil erosion and increased sediment yield (as described above). This is likely to cause water quality degradation downstream, including eutrophication.
Nitrogen and phosphorous are the major nutrients lost from agricultural fields that can be non-point sources of these nutrients, and are the cause of lake eutrophication af fecting erosion such as rainfall and soil cannot be changed, however better land use planning and m a n a g e m e n t f o r t h e S u m a n i w a t e r s h e d c a n b e implemented. This is the focus of our next study. 
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